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(57) A corrosion-inhibiting 
composition contains salts of 
orthophosphoric acid and of a 
dicarboxyiic acid, preferably adipic 
acid. Tlie components are known 


individually to be corrosion inliibitors, 
but It has been found that, due to 
synergistic effect, they give improved 
protection against corrosion when 
used together. The composition is 
particularly useful in the cooling 
system of internal combustion 
engines. 
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BACKGROUND ART: . «,i„nhosDhates phosphates, borates, benzoates, etc. have 

Chromates. dichromates, nitntes, s.l.cates, Pp'^P^^P^^^^ liquids. However, many of these 

been used for many years to combat corrosion .n can be bacterially 

1 0 fnhibtors have serious drawbacks Chromates and ^ ^^rth a hydrated siliceous gel which may 

decomposed. Silicates have a inhibitors is that the concentration 

reduce the heat-transfer P™?««=- ^t/f^" hievrSect ve corrosion inhibition. If lower concentrations are 
must exceed a certain value m usually causes pitting and crevu:e 

used corrosion may instead be ^c*^ crated. Too tow a c^ ^.^ specification to define a 

1 5 corrosion, two -dangerous" types °^^°"°^2TllSiZeTLt often with a considerable depth. The 
localized corrosion attack resulting ''l^^'^^^.^^^^^,^^^^^ attack in narrow crevices filled with liquid, 
term crevice corrosion is used \° J^*'"^^ J°fJ^„^e'^^^^^^ a drawback. Organic inhibitors, such 

ir^temal combustion engines, greatest pr^^^^^^^ 3„ ^,,3,3 aUoys 

mixture or corrosion inhibitors ^J«i^'"X%33t 'ron 'a^^^ aluminium, steel, copper, brass and 
composing the cooling system. These "^ay cast^^^^^^^ inhibitors are available on the market to 25 

is known as anti-freeze fluid, ^heanti-freeze flu d is mixed wiin a . ^ ^^^^^1 3^ 

30 Vhe ratio of anti-freeze:water Is d«^«^"^l{?.^^^,Vnmfof c^^^^^^^ anti-freeze fluid shaH be 

is 1 part anti-f rreze to two parts ^^^f,;- J*'^ '^."jr^"^^^^ All the standard combinations of 

such that the corrosion protection will ^^"*'f„^f'°'X3';e certain disadvantages described below, 
corrosion inhibitors available today ^^r.^'^gPsX^ j^^^^^^^ British Standard BS 31 50 prescnbe 

The U.S. military specification M.l-E-5559 arJ^ores^^^ ^^^^ ^^^^ 

35 a combination of triethanolammophosphate an^^^^^ 

triethanol aminophosphate is to protect "/l^^'" J'"^^^^^^^ (brass), an inhibitor is required against 

triethanol amine may be corrosive in th s respect. However, this 

copper corrosion. Sodmm me^^^^^^^^^ i;^c7eSn?extent being'replaced W the ox.datK,n- 

cast iron does not meet today s requirements. , sodium benzoate and sodium nitrite. 

British specification NS 3 151 ^'^^"^^11^^^^^ Iron and steel. However, it has 

45 This combination provides «ff«'=|'^^P^°iS "ncre^^^^^ cooling system. With the increase m 

the disadvantage that the pH value " 9«"f '"^7h|coder) are attacked. The combination can be 
pH value the cast aluminium and ?o'de"ng tin (-n the cooi^ benzotriazole does not solve 

improved by the addition of extra benzotriazole. However, tnea^^ ^^^,,^g ^^^^ 

he'problem of the increased value. Th^ ;^^^ ^'uh BS 3 51 ts the high percentage of benzoate 50 
50 which have aluminium in them. Another drawback witn«o 

required. . _^ , ^5 nrescribes borax as inhibitor. This inhibitor system does not fulfil 

The British specification BS 31 52 P'^«^'=''^f,^°°'^''ui_a.!o of for instance BS 31 50 and BS 
today's demands for a corrosion '"Jj^ 'J^ Jl,^!^^^^^^^^^^ ^'^Vtene glycol is mixed wKh 

3 1 52 are available to be used together ^^^j? ^Jg^ 7 5 and which can give a good corrosion 55 

55 water an anti-freeze liquid is obtained wh^h has a ,0 be used in water alone. The 

protection. The combination of BS 31 50 and BS 3 152 is not s ,^^^^^3^ „^ corrosion 

reason is that the resulting pH ^^^^^""i^^f^g 3^^^^^^^ results if an anti-freeze liquid 

^'''TZS:^:'J;s::^^^^^^ .ong-tem, protec^on for steel, cast-iron and aluminium alloys. 
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As a consequence, the inhibitors used shall be stable with respect to temperature and oxidation. 

2. It shall be possible to connbine the inhibitor system with other known inhibitors used in 
combustion engine cooling systems in order to ensure protection against corrosion of soldering tin, 
copper and copper alloys such as brass. 
5 3. It shall be possible to use the inhibitor system and its combinations with other Icnown inhibitors 5 

both in water and in water mixed with agents for lowering the freezing point, such as glycol. 

4. The inhibitor system shall be easily soluble in ethylene glycol and propylene glycol to enable the 
manufacture of concentrated anti-freeze fluid. 

During experiments in endeavouring to realize the aims set out above, aliphatic dicarboxyfic acids 
1 0 claimed attention at an early stage. It has long been known that alkali salts of these can protect steel to 
even when used in moderate concentrations. It was therefore reasonable to investigate the corrosion 
protecting effect on cast iron. It was found that the dicarboxylic acids tested can give increased 
corrosion if the concentration is below a certain limit value. However, the corrosion is uniformly spread, 
i.e. there is no pitting or crevice corrosion. If the limit concentration is exceeded complete passivation of 
1 5 cast iron is obtained, i.e. an extremely good corrosion protection. The tested acids and relevant limit % 5 
concentration in de-ionized water at pH 7.5 — 7.8 and a temperature of about 22^C were as follows: 

Succinic acid 1 77 g/I 

Adipicacid 58 g/I 

Azelaic acid 7.5 g/I 

20 Sebacic acid 6.1 g/I 20 


The acids tested are included in the homologous 
series having the general formula: 


(CH2)„(C00H)2, where n=2— 8 
n = 2 succinic acid 


25 n = 3 glutanc acid 25 

n = 4 adipic acid 
n = 5 pimelic acid 
n = 6 suberic acid 
n = 7 azelaic acid 

30 n = 8 sebacic acid 30 

The results obtained show that the acids become more effective the higher the molecular weight. 
However, high concentrations are required. For this reason succinic acid and adipic acid are not so ^ 
suitable. While the development work for this invention was in progress, publications have also 
appeared touching upon the corrosion protecting effect of dicarboxylic acids on cast iron, and these 
35 publications supp>ort the results above. 35 


DISCLOSURE OF INVENTION: 

The method of the invention is characterized in adding to the aqueous system at least one alkali or 
amine salt of orthophosphoric acid, and at least one alkali or amine salt of either of the dicarboxylic 
acids having the formula (CH^jniCOOHjj. in which n = 3 — 8, n = 3 being glutaric acid, n = 4 being 

40 adipic acid, n = 5 being pimelic acid, n = 6 being suberic acid, n = 7 being azelaic acid, and n = 8 being 40 
sebacic acid, the orthophosphoric acid salt being added in a quantity to give the aqueous system a 
cone ntration of at I ast 1 .0 g/I calculated as orthophosphoric acid, and the dicarboxylic acid salt being 
added in a quantity to give the aqueous system a concentration of at least 0.7 g/I calculated as 
dicarboxylic acid. The invention is also concerned with a liquid agent for treating an aqueous system 

45 with the method of the invention. This agent is characterized in that it consists of an aqueous solution 45 
containing 

20 — 30 per cent by weight potassium adipate 
1 5 — 2 5 per cent by weight potassiu m orthophosphate 
O — 1 .5 per cent by weight sodium nitrite 


SOCCIO: <GB _2049650A .1 > 


POOR QUALITY 


GB 2 049 650 A 


10 


15 


20 


25 


10 


0 — 2 per cent by weight benzotriazole 
0 — 0.5 per cent by weight dispersing agent 
0 — 1 0 per cent by weight ethylene glycol 
45 — 55 per cent by weight water 

the molecular ratio potassium racid being between 1 .8:1 and 2:1 . 

?he invention is also concerned with a pulverulent agent for treating an aqueous system with the 
method of the invention. This agent is characterized in that it consists of a puh/erulent mixture 
containing: 

42 — 62 per cent by weight sodium adipate 
23 52 per cent by weight disodium hydrogen orthophosphate 

0 — 4 per cent by weight sodium nitrite 

0 — 6 per cent by weight benzotriazole 

0 — 2 per cent by weight dispersing agent 

0 — 35 per cent by weight water ^ 

the molecular ratio sodium:adipic acid being between 1 .5:1 and 2:1 . «^„orr,ictir pffpct which ^ ^ 

The invention is based upon a surprising and occasionally e^^JP^'V Q"^^^^"^^^^^^ 
has been established between the aliphatic dicarboxylic acids and orthophosphonc acid. This synergistic 

effect will now be further revealed. ^«rrr»cion 
If orthophosphonc acid (in the following called phosphonc acid) alone is used as corrosion 
inhibito?under the same conditions as for the organic acids above, a lowest concentration o 4.9 g/l is 20 
required to protect cast iron. At lower concentrations pitting and graphitic corrosion occur^ If the 
phosphoric concentration is reduced to 1 g/l or 2 g/l and at the same time one of tfie organic acids 
mentioned above is added, the following concentrations of organic acids are required: 


Phosphoric acid 


1 g/l 2 g/l 


Succinic acid 
Adipic acid 
Azelaic acid 
Sebacic acid 


59 g/l 12 g/l 

0.7 g/l 0.7 g/l 

0.9 g/l 0.9 g/l 

1.0 g/l 0.4 g/l 


25 


30 


35 


40 


45 


50 


55 


The requisite concentration of organic acid can thus be reduced to considerably ow that 
required when the acid is used alone. The concentrations of organic acid required are only ^^^^^ 30 
that required by the acid alone for the protection of cast iron. Adipic acid has the greatest synergistic 
eff ec t 

The Dossibility of using a combination of dicarboxylic acid and phosphoric acid as corrosion 
inhibitor in a combustion engine cooling system has been investigated. Met-rods were used which have 
been developed by the American Society for Testing and Materials lASTM). The meth.xte used are clear 
from the examples. The ASTM methods use considerably higher temperatures, 71—88 C than in tne 
conditions for the investigation described above. Furthermore, a synthetically corrosive water .s used. 
These more stringent conditions require an Increased concentration of inhibhors. During testing tne 
corrosion is determined for cast iron, steel, cast aluminium, soldering tin, copper and brass. All tne 
metals are present simultaneously in the liquid during testing. 

Tests performed in glass apparatus showed the following: 
1 . A combination of adipic acid and sodium nitrite can give a satisfactory protection for all metais. 
However, a relatively high concentration of adipic acid is required. ^ ^- • 

2 If the adipic acid is combined with phosphoric acid and sodium nitrite the concentration of aoipic 
acid can be considerably reduced without the corrosion protection diminishing. If benzotnaroie is 
also added, the copper corrosion diminishes, as expected. The corrosion on cast aluminium 
diminishes at the same time if the concentration of adipic acid and phosphoric acid e inCTeasea. it ts 
possible to achieve a protection which fulfills the requirements set for all metals with good rnargin. 

3 If adipic acid or sebacic acid is combined with phosphoric acid and benzotriazole, i.e. no sodium 
nitrite is included, the corrosion will increase on cast iron and steel. However, the corrosion 
caused is still well below the requirements stipulated. The corrosion on cast aluminium is negiigiDie. 
Brass, soldering tin and copper are hardly attacked at all. ^/^, .,:„.h=,n«i 

4. A corrosion protection according to the invention is obtained with the aid of alkali and/or triethanol 
amine salts of acids at a pH value between 6.7 and 8.0. The concentration of adipic acid is j.o— 
g/l and of phosphoric acid 2.0 — 3.0 g/l. 


35 


40 


45 


50 


55 
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When testing the con'osion of a coolant in combustion engines the following results were obtained 
when inhibitors according to the invention were used: 

5. A combination-Of adip^c acid, phosphoric acid, benzotriazole and sodium nitrite can give good 
corrosion protection in a coolant consisting of ethylene glycol and water. In a coolant consisting of 

5 only water, however,-the pH value tends to increase. This has been measured at 9.8. The corrosion 5 
of soldering tin and cast aluminium increases in this case. This applies pariticuiarly to the corrosion 
on soldering tin, which becomes totally unacceptable. The reason for the increase in pH value is the 
presence of sodium nitrite. The presence of this inhibitor in a cooling system in which soldering tin is 
included, as in the case of a motor vehicle, should therefore be avoided. In aqueous systems without 
10 soldering tin, however, this inhibitor combination can be used. One such example is central heating IQ 
installations, 

6. Tests in passenger vehicles and trucks indicate that an inhibitor combination according to the 
invention can give an almost complete corrosion protection for cast iron and cast aluminium. If 
adipic acid and phosphoric acid are combined in accordance with the invention and benzotriazole is 

1 5* also added, substantially complete corrosion protection is obtained for all metals and metal alloys 1 5 
used in a cooling system, if the pH is 7.5 — 8.3. This inhibitor system has shown no tendency to a 
damaging increase in pH during long-term testing. ' 

The concentration of inhibitors necessary for long-term protection is dependant on the amount of 
chloride ions in the water used. A high percentage of these requires higher concentrations of 
20 inhibitors. The content of phosphoric acid was varied during the tests between 2.0 and 5.4 g/l and 20 
the content of adipic acid between 5.8 and 9.3 g/l. The highest contents were used with coolant 
consisting of corrosive water with 1 00 mg/l chloride ions. After long-term testing in accordance with 
the above, the corrosion protection was intact after driving distances of 30,000 km, 

7. An inhibitor system according to the invention where the organic acids and phosphoric acid are in 

25 the form of potassium anc|/or triethanol amine salts, can be manufactured in the form of a 25 
concentrated solution. This is easily soluble in ethylene glycol. A concentrated anti-freeze fluid 
containing inhibitors according to the invention can thus be manufactured. 

According to the invention it has been ascertained that certain aliphatic dicarboxylic acids, 
together with phosphoric acid, have a strong synergistic effect as corrosion inhibitors for cast iron in de- 
30 ionized water at room temperature. Experiments at higher temperatures, 7 1 °C — 88°C, and using a 30 
strongly corrosive water have shown that the synergistic effect remains with the use of dicarboxylic 
acids. It has also been ascertained that the corrosion protection for aluminium is effective. The 
synergistic effect is obtained when the acids according to the invention are added to an aqueous system 
in the form of alkali and/or triethanol amine salts. The use of an amine salt other than triethanol amine 
35 salt also lies within the scope of the invention. 35 
A corrosion protection according to the invention is obtained when the acids used in the aqueous 
system give a pH value between 6.7 and 9.8. However the pH value should preferably be between 7.0 
and 8.3. 

The organic acid shall consist of the higher dicarboxylic acids (n — 3 — 8 according to the above 
40 formula). The combined concentration of these acids shall be at least 0.7 g/l. The concentration of the 40 
phosphoric acid shall be at least 1 .0 g/l. 

The inhibitor combination according to the invention has been found to be combinable with any 
one or several of the following known additives for aqueous systems: 
a) alkali nitrite to increase the protection of cast iron 
45 b) benzotriazole to inhibit copper corrosion 45 
c) polyacrylates for the dispersion and sequestration of the water hardeners, thus preventing the 
precipitation of low solubility phosphates. 

It also lies within the scope of the invention to combine the inhibitor combination with other 
inhibitors against copper corrosion. Such inhibitors are, for instance, benzotriazole derivatives such as 

50 toly i triazole, and mercaptobenzothiazole. Also within the scope of the invention is that prea'pitation of 50 
low solubility phosphates can be prevented by additives other than polyacrylates according to the 
above. Such additives may be polyphosphates, organic phosphonic acids such as aminotri(methyl 
phosphonic acid) (AMP) and 1 -hydroxyethyl-1 ,1 -di-phosphonic acid (HEDP). Also organic chelating 
agents can be used, such as nitrilotriacetic acid (NTA) and ethylene diamine-tetracettc acid (EOTA). If 

55 the aqueous system consists of a coolant in a combustion engine, the best combined corrosion 55 
protection is obtained for all the metals and alloys in the cooling system when the pH value is between 
6.7 and 8.3. If the organic acid according to the invention consists of adipic acid the following quantities 
of inhibitors and additives should be added to the coolant: 

Adipic acid 3.0 — 9.3 g/l 

60 Phosphoric acid 2.0 — 5.8 g/l 60 


Sodium nitrite 


0—0.7 g/l 
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Benzotriazole 0 — 0,8 g/l 

Dispersing agent 0 — 0.4 g/l 

These inhibitors can be added to the coolant in the form of a concentrated mixture. The mixture may be 
a concentrated liquid solution containing the potassium or amine salts for the acids. Alternatively, the 
5 mixture may be a concentrated powder containing the sodium salts of the acids. 5 
The invention is further illustrated by the following Examples 1 —8. The test methods used in the 
Examples for appraising a coolant from the corrosion point of view have been generally developed by 
the American Society for Testing and Materials (ASTM). The test methods can be found in the 1 965 
Annual Book of ASTM Standards, part 22. and the 1 975 Annual Book of ASTM Standards, part 30. 

1 0 EXAMPLE J^^^^^ ^^^^^^^ performed to determine the corrosion protecting influence on cast iron of 
various aliphatic dicarboxylic acids in combination with orthophosphoric acid. The sodium salts of the 
acids were used with a pH value of 7.5 — 7.8. . i. ^ 

The following stock solutions were prepared by neutralization of the acids with sodium hydroxide. 

1 5 The balance between base and acid was chosen so that the pH value was 7.5 — 7.8. 1 5 

1 . Succinic acid 1 .0 M 

2. Adipic acid 0.5 M 
3; Azelaic acid 0.1 M 
4. Sebacic acid 0.1 M 

20 5. Orthophosphoric acid 0.1 M 20 

Starting with the above basic solutions, arbitrary lower concentrations of the acids can be 
prepared, either on their own or in combination with phosphoric acid by diluting with de-ionized water. 

The test pieces of cast iron used for testing were of the type used in the following examples for 
testing according to various ASTM methods, ^ • i en 

25 Testing was perfonned in the following manner: 1 00 ml of the test solution was poured into a 1 50 2b 

ml glass beaker. The solution is saturated with air. A cleaned and weighed test piece of cast iron was 
immersed in the test solution and placed with one short side on the bottom of the beaker. The other . 
short side of the test piece was resting against the side of the beaker. The whole test piece was covered 
by the solution. The temperature of the test solution was approximately 22^C (room temperature). Alter 
30 3 days (72 hours) the test piece was removed. It was then inspected, cleaned and weighed. The weight 30 
loss was determined in the manner for testing according to ASTM D 1 384— 62T. The corrosion is 
specified in this example in mg/24 hours. 

The result of the tests are clear from Figs 1 and 2 and Tables 1 and 2. 
Fig. 1 illustrates the corrosion on cast iron of various dicarboxylic acids alone, and of 
35 orthophosphoric acid alone. Curve 1 relates to succinic acid, curve 2 to adipic acid, curve 3 to azelaic M 
acid curve 4 to sebacic acid, and curve 5 to orthophosphoric acid. The abscissa represents the 
concentration of the acids as moles per liter, and the ordinate represents the corrosion as milligrams per 

24 illustrates the corrosion resulting from the combined effect of adipic acid and 

40 orthophosphoric acid in various concentrations. Curve 7 represents adipic acid alone meaning that w 
curve 7 is identical with curve 2 in Fig. 1 . Curve 8 represents an orthophosphoric acid concentration of 
5 1 mole per liter. Curve 9 represents an orthophosphoric acid concentration of 1 .1 0 mole per liter. 
Curve 1 0 represents an orthosphosphoric acid concentration of 2.10"^ mole per liter. The abscissa 
represents the concentration of adipic acid, as moles per liter. The ordinate represents the corrosion as 
45 milligrams per 24 hours. ^ 

In both Figures the full lines represent a uniform corrosion, and the dashed lines represent pitting 

and crevice corrosion. . . 

It is clear from Rg. 1 that each of th organic acids tested can give complete con-osion inhibition on its 
own if the concentration xceeds a certain limit value. The corrosion protection increases with increased 
50 molecular weight The limit concentration for succinic acid about 1 .5 M (Mole per liter) whereas it is 50 
only 0 03 M for sebacic acid. The corresponding limit concentration for phosphoric acid is 0.05 M. At 


concentrations below the limit, uniformly spread corrosion was obtained for the organic acids, i ne 
corrosion product her is loosely adhered f rric hydrate, which is easily rinsed off. The surface or the 
metal app ars to be unaffected. With phosphoric acid, the corrosion protection is m the form of an 
55 adh r nt phosphate film. If the concentration is below the limit for complete protection there is a oo 
w oviii ■ ii^K f ^ ^ . •^.A^.^u^^^ onr^ nrAuire corrosion 
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appeared. Graphitic corrosion of the test piece aiso appeared. With the use of phosphoric acid below the 
limit concentration, the corrosion attack was coupled with an increased pH value. 

Table 1 shows the corrosion inhibition obtained with the organic acids combined with phosphoric 
acid. The phosphoric acid concentration was constant, 0.01 M and 0.02 M, with varying concentrations 
5 of the organic acids. In relation to the limit concentration which is obtained when testing the individual 5 
. acids according to Fig. 1 , a reduction in the limit concentration for the organic acids is obtained here 
which is sometimes quite drastic. 

Table 2 shows the lowest concentrations of various acids required to eliminate corrosion on cast 
iron. These have been compiled for each of the various organic acids and phosphoric acid when only one 
10 of the acids is used, and also for the organic acids in combination with phosphoric acid at the iQ 
concentrations 0.01 M and 0.02 M. The information is taken from Fig. 1 and Table 1 . 

The results in this Example shows the following: 
1 . For corrosion protection of cast iron with phosphoric acid a minimum concentration of 0.05 M (4.9 
g/l) is required. 

15 2. if the concentration of phosphoric acid is reduced to 0.01 M (0.98 g/i) and at the same time the 1 5 

phosphoric acid is combined with the aliphatic dicarboxyll9 acids — ^succinic, adtpic, azelaic and 
sebacic acid — a good corrosion protection is obtained wfien the dicarboxylic acid concentration is 
1/3 — 1/80 of the concentration required with the use of the dicarboxylic acids In the absence of 
phosphoric acid. The lowest effect is obtained with succinic acid and the highest effect with adipic 

20 acid. A strong synergistic effect between phosphoric acid and the aliphatic dicarboxylic acids was 20 
thus ascertained. 

3. If the phosphoric acid concentration is 0.02 M (1.96 g/l), i.e. 2/5 of the lowest concentration 
required when using phosphoric acid on its own, only 1/1 5 of the succinic acid concentration is 
required in comparison with the amount required when using this acid alone. The effect on the other 

25 dicarboxylic acids is marginal in comparison with the preceding point 2. 25 

4. Cast iron can be protected from corrosion by a combination of alkali salts of phosphoric acid and the 
aliphatic dicarboxylic acids mentioned above. 

5. The lowest required concentration of phosphoric acid, 0.01 M, coupled with the lowest required 
concentration of organic carboxylic acids is fulfilled by the adipic acid and its higher homologues. 

30 Succinic acid Is unsuitable for combination with phosphoric acid at a low concentration of the 30 
phosphoric acid. To provide corrosion protection the succinic acid requires an unreasonably high 
concentration. At a higher concentration of phosphoric acid, 0.02 M, the succinic acid can be used 
with phosphoric ackl, using reasonable concentrations. 

From the economic point of view adipic acid and its higher homologues would appear to be 
35 suitable to combine with phosphoric acid In order to protect cast iron from corrosion. It Is of particular 35 
interest to perform further tests on adipic acid together with other corrosion inhibitors In order to 
, determine its suitability as a component in inhibitor combinations intended to provide protection from 
corrosion for the other metals and metal alloys which may be included in a waterbased cooling and 
heating system. This is illustrated in the following Examples. 

TABLE 1 

Corrosion of cast iron in water containing alkali salt or organic dicarboxylic acids in combination 
with alkali salt of phosphoric acid. The concentration of organic acid varies, while the concentrations of. 
phosphoric acid are constant at 1 0"^ M and 2.1 0"^ M. pH value at the start was 7.5 — 7.8. 
Temperature about 22®C. 


Phosphoric acid concentration 10"^ M 
corrosion, mg/24 hours, at various molarity or organic acid 


Molarity 

10-3 

2.10-3 

5.10-3 

10-2 

2.10-2 

5.10-2 

10-^ 

Succinic acid 




3,2 


LO 

0.0 

Adipic acid 

1.4 


-0.1 

0.2 

0.0 

0.3 

-0.1 

Azelaic acid 

1.2 

0.3 

0.1 

0.2 




Sebacic acid 

1.0 

0^ 

0.1 

0.0 


--0.1 
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TABLE 1 cont'd. 

Phosphoric acid concentration 2.10"^ M 
corrosion, mg/24 hours, at various molarity of organic acid 

10"^ 2.10"^ 


Molarity 

10-=* 

2.10-^ 

5. 10-' 

Succinic acid 




Adipic acid 

0.4 

0.1 

-0.1 

Azelaic acid 

0.4 


0.0 

Sebacic acid 

0.4 

0.0 

-0.1 


10- 


5.10- 


0.2 


0.0 


0.1 


1.0 
0.2 


0.2 


Comments: , , ^ . 

a) Values underiined whh unbroken lines indicate pitting and crevice corrosion 

b) Values underlined with broken lines Indicate crevice conrosion 

c) The accuracy in determining corrosion is ± 0.2 mg/24 hours. If the corrosion values are extremely 
low. therefore, the figures may be negative (indicate a weight increase). 


TABLE 2 

The effect of combining an organic dicarboxylic acid with phosphoric acid in order to protect cast iron 
from corrosion in water at pH 7.5—7.8 and temperature about 22»C. The lowest concentration 
required to give protection. 


10 


15 


20 



Acid alone 

Organic acid + phosphoric acid 



phosphoric acid 
= 0.01 M 

phosphoric acid 
= 0.02M 

Succinic acid"^ 

1.5 M(177g/I) 

0.5 M (59 g/l) 

0.1 M (12 g/I) 

Adipic acid 

0.4 M( 58g/l) 

0.005 M (0.7 g/l) 

0.005 M (0.7 g/l) 

Azetaic acid 

0.04 M (7.5 g/l) 

0.005 M (0.09 g/l) 

0.005 M (0.9 g/l) 

Sebacic acid 

0.03 M (6.1 g/l) 

0.005 M (1.0 g/l) 

0.002 M (0.4 g/l) 

Phosphoric acid 

0.05 M (4.9 g/l) 




The limit concentration for succinic acid alone is stated as 1 .5 M. This concentration has been 
obtained from Figure 1 by means of estimation. 

EXAMPLE 2 ....... 

The suitability of adipic acid, {CH2)4(C00H)2 in the form of potassium and/or tnethanol amine salt 
has been tested as corrosion inhibitor according to ASTM D 1 384 — 62T. 

The following chemicals were used in preparing the coolants tested: 

1 ) 50 per cent by weight water solution of dipotassium adipate (solution 1 ) 

2) 50 per cent by weight water solution of dipotassium phosphate (solution 2) 

3) 50 per cent by weight water solution of triethanol amine phosphate (solution 3) 

4) 1 ,2,3-benzotriazole 

5) sodium nitrite 

6) ethylene glycol 

7) corrosive water in accordance with ASTM D 1 384 — 62T. ^ aH;..otm« th*. 

Solution i was prepared by neutralizing adipic acid with potassium hydroxide and a^just^^S 
concentration to about 50% with distilled water. The balance between acid and base is such that the pH 
is about 7.7. The adipic acid exists in the solution primarily in the form of the ^'P^^^ssium sa^^^ 

Solution 2 was prepared by dissolving dipotassium phosphate m water and adjustmg the pH valu 
to about 7.7 or about 6.6 with phosphoric acid. o..oh 

Solution 3 was prepared by neutralizing triethanol amine (TEA) with phosphonc acid m such 
proportions that the pH value b came about 7.6 or about 7.0. 

The pH values stated above refer to diluted water solutions ( 1 part solution + 50 parts water). 


10 


15 


20 
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For the tests the chemicals 1 — 5 were dissolved In ethylene glycol to provide a corrosion-inhibited 
anti-freeze fluid. This was then mixed with corrosive water in a ratio by volume of 1 :2. The coolant 
obtained was then tested as to its corrosive properties in accordance with ASTM D 1 384 — 62T. 

Coolants according to U.S. specification MIL — E — 5559 and British specification B.S. 31 50 were 
5 used as references during the tests. However, in these references the prescribed inhibitor against copper 5 
corrosion, sodium mercaptobenzotriazole, was replaced by the inhibitor 1 ,2,3'benzotriazoie which is 
more oxidation-stable. 

The results obtained are compiled In Table 3 and indicate the following: 

1 . A combination of adipic acid and sodium nitrite was used as corrosion inhibitor in test 1 . The 

10 corrosion obtained was well below the stipulate requirements. A relatively high concentration of 10 
adipic acid is required. 

2. In test 2 the concentration of adipic acid was considerably reduced and at the same time phosphoric 
acid (the potassium salt) was added. Substantially the same result was obtained as in test 1 . 

3. in tests 3 and 4 the same inhibitors were used as in test 2, with the addition of benzotriazole. Copper 

1 5 corrosion was also eliminated. The corrosion on cast aluminium and soldering tin also decreased. 1 5 
This was particularly so in test 3 where the concentration of adipic acid and phosphoric acid was 
increased. ' 

4. In tests 5 and 6 a lower pH value was used than in the preceding tests 3 and 4. The pH value was 
lowered from 7.7 — 8.0 to 6.7 — 7.1 . The corrosion decreased on cast aluminium but increased on 

20 cast iron and steel. The conrosion on cast iron may approach that permitted at low pH value. 20 

5. In tests 7 and 8 the pH value was raised again to 7.7 — 7.9. Adipic acid, phosphoric acid and 
benzotriazole were used as inhibitors. Sodium nitrite has thus been omitted. The corrosion on 
soldering tin decreased noticeably. Cast iron and steel were subjected more than before to attack, 
but the corrosion was considerably lower than according to the requirements stipulated. At the same 

25 time cast aluminium was effectively protected. In test 8 triethanol amine was used as counter-ion to 25 
phosphoric acid (in the solution triethanol amine also exists as counter-ion to adipic acid). 

6. Tests 9 and 10 were reference tests according to U.S. specification MIL — E — 5559 and British 
standard 31 50, respectively. The corrosion protection was effective for all metals and alloys except 
steel and cast iron. This applied particulariy to cast Iron which had an unacceptably high corrosion. 

TABLE 3 

Testing inhibitor combinations in accordance with 
ASTM D 1384— 62T 

Tests 1 — 8 are in accordance with the invention. Tests 9 and 1 0 reference tests in accordance 
with MIL — £ — 5559 and BS 31 50, respectively. The corrosion results are compared with the 
requirements according to ASTM D 3306—74 and GM 1 899 — M. 

The concentration of corrosion inhibitor in tested coolant is 1/3 of the concentration In anti-freeze 

fluid. 

g/l in coolant 


Test No. 123456789 10 
Inhibitors: 

Adipic acid (added 

as potassium salt) 1 1 3.0 4.0 4.3 4.0 4.0 3.3 4.0 — — 

Phosphoric acid 
(added as potassium 

salt) — 2.7 3.0 2.0 2.0 3.0 3.0 — — — 

Triethanol amine 
(TEA) (added as 

phosphate — — — — — — — 7.0 7.0 9.3 

Phosphoric acid 

(added as TEA-salt) — — — — — — — 2.0 2.0 3.3 

Benzotriazole — — 0.33 0.17 0.17 0.17 0.33 0.67 0.67 0.67 

Sodium nitrite 0.67 0.50 0.50 0.67 0.50 0.50 — — — — 

pH at start 7^7 7^7 7J 7^8 63 6?7 Ts 7^7 7A 

pH at finish 7.8 7.8 7.7 8.0 7.1 7.0 7.9 7.8 7.6 7.0 
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Weight losses, m/gtest sheet 


Test No. 
Test sheets: 
Cast aluminium 
Cast iron 
Steel 
Brass 

Soldering tin 
Copper 


1 

2 

3 

4 

9 

f% 

w 

7 

8 

9 

10 

ASTM 

GM 

12 

10 

6 

9 



5 

2 

4 

3 

30 

24 

1 

1 

1 

0 

4 

9 

4 

4 

15 

53 

10 

10 

1 

1 

1 

2 

1 

3 

3 

2 

5 

7 

10 

9 

0 

1 

0 

0 

0 

0 

0 

1 

1 

1 

10 

9 

4 

6 

1 

3 

2 

4 

0 

1 

0 

1 

30 

17 

1 

2 

0 

0 

1 

0 

; 0 

1 

1 

0 

10 

9 


cnmm^nv Weioht losses indicated as zero were (ess than 0.5 mg/test sheet. Weight losses up to 5 
Commenu ^e-gh^^ ^ ^ ^^^^^^ ^^^^^ ^.^^^^ losses: accuracy ± 20%. 

^"^-^Llum salts of adipic and sebacic add were tested as corrosion inhibitors under the same 
conditions as stated for test 7 in Example 2 (Table 3). 

The composition of the coolants tested was as follows: 

g/l in coolant 


10 


Test No. 1 1 . adipic acid 
Test No. 12. sebacic acid 
Also included 

Sodium salt of phosphoric acid, 
calculated as phosphoric acid 

Benzotriazole 

The test results can be seen in Table 4. 


3.3 (0.023 M) 
4.6 (0.023 M) 

3.0(0.031 M) 
0.33 


10 


TABLE 4 ^ 
Testing sodiur. salts of adipic acid (test 1 1 ) and sebacid acid test (test 1 2) in accordance wrth 
ASTM D 1384— 62T. pH 7.6—7.8. 


Test No. 
Test sheets 
Cast aluminium 
Cast iron 
Steel 
Brass 

Soldering tin 
Copper 


Weight los ses, mg/test sheet 
11 12 


6 
4 
2 
0 
1 
O 


5 
3 
2 
0 
0 
0 
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Comments: 

1 . Adipic acid and sebacic acid are equivalent as corrosion inhibitors when combined with phosphoric 
acid and benzotriazole. 

2. The sodium salts of the dicarboxylic acids give equivalent results to those obtained using the 
potassium salts. 

3. Foaming occurs when testing sebacic acid (test 1 2). This is caused by the air being blown through in 
accordance with the test method. This was overcome by the addition of a foam-quencher during 
testing (silicone type). ^ 


5 


EXAMPLE 4 

An inhibitor composition according to the invention was tested with a modification of the testlna 
method ASTM D 2847 — 72. 

Testing was performed in a straight six-cylinder diesel engine with an output of 296 hp (218 kW) 
The deviation from ASTM D 2847 — 72 was as follows: 


a) the engine was not installed in a motor vehicle but instead in a motor laboratory. The testing time " 
can thus be shortened as compared to testing in a motor vehicle. 

b) all metal packs were removed at the snd of the test. 

0 c) the testing period was 39 days. The running time for the engine was 874 hours. The engine 1 0 

has thus been running almost continuously (22.4 h/day). 

The tested coolant consisted of corrosive water according to ASTM D 1 384 70 to which 

corrosion inhibitors had been added. The corrosion inhibitors were added to the water in the form of a 
liquid concentrate. 

5 The concentration of the Inhibitors is as follows: ^ g 

Adipic acid, supplied as potassium salt 9.3 g/| 

Phosphoric acid, supplied as potassium salt 5.8 g/l 

Benzotriazole 0.75 g/I 

Dispersing agent (sodium polyacrylate) 0.20 g/l 

«nrf H^iLlS"^'^^"^.^^^"* ^"^^^"^ to ellminate the effect of hard water. Other complexing agents 20 
w^hin ?lf-^^"'' ""^^ ^""^^ ^'Sanic phosphonic acids and inorganic polyphosphates. . 

tho hill!! 7^'^^^ corrosion loss on the test sheets can be seen in Table 5. By way of comparison, 
XstemS^^^^ 1899-MwhentestinglnsimulatedcSoling 25 

TABLE 5 

Testing inhibitor systems according to the invention in diesel engines 
in which the coolant consists of corrosive water. 

Test method according to modified ASTM D 2847 — 72 

Weight losses on test sheets: 


Test sheets 

Invention 

GM 1 899— M 

Cast aluminium 

1.9 

3.2 

Cast iron 

0.3 

3.2 

Steel 

0.2 

3.2 

Brass 

0.1 

1.6 

Soldering tin 

0.2 

3.2 


Copper 


0.2 


1.6 


11 
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Comment: The weight losses are given as milligrams per 24 hours and square decimeter. Cleaning 
of the cast aluminium after the test period was too strong and the factual weight loss was less than that 
stated in the Table. In spite of this the weight loss was well below the limit according to GM 1 839 — M 
although this specification prescribes a coolant consisting of 33 vol.% ethylene-glycol and 67 vol.% 
corrosive water. 

EXAMPLE 5 

The corrosion protection of an inhibitor composition according to the invention was tested 
substantially in accordance with the stipulations listed in ASTM D 2847 — 72. 
5 The test was performed in two similar trucks provided with six-cylinder diesel engines with an 5 

output of 218 kW (296 hp). In one of the vehicles the coolant consisted of corrosive water according to 
ASTM D 1384 — 70. In the other vehicle the coolant consisted of a mixture of ethylene glycol and 
corrosive water in a volume ratio of 40:60. Inhibitors In accordance with Table 6 were added to the 
coolants. 

TABLE 6 

Inhibitors in coolants during testing in accord a nee -With ASTM D 2847 — 72. 

Truck 1 Truck 2 


Corrosive Ethylene glycol: 
water corrosive water, 

40:60 


Adipic acid (added as 

potassium salt) 8.6 g/l 7,1 g/l 
Phosphoric acid (added as 

potassium salt) 5.4 g/l 4.4 g/1 

Bensotriazol 0.77 g/l 0.63 g/l 

Dispersing agent 0.15g/l . 1.129/1 

The metal sheets used for the test had not exactly the same composition as according to ASTM D 

1 384 70. The composition was adjusted in accordance with the motor manufacturer's wishes and 

can be seen in Table 7. 

TABLE 7 

Test sheets used for testing In accordance with ASTM D 2847 — 72 
Cast aluminium A according to SIS 425 1 (containing copper) 

Cast aluminium B according to SIS 4253 

Cast iron according to Scania 5 1 492 

Brass according to SIS 2 1 52 — 04 

Soldering tin with 62.3% lead; 35.8% tin; 1 .9% antimony 

Copper according to SIS 501 5 — 02. 


Comment: The corrosion on steel was not determined since this has lower corrosion than cast iron. 
In the "non-prcclous" part of the metal pack there was therefore place for two types of cast aluminium. 

1 5 The corrosion losses on the test sheets inserted in the cooling systems of the trucks as specified 

were determined during running intervals of about 5000 km over the entire distance driven which 
constituted approximately 30,000 km. The con-osion losses were also detenmined for sh ts inserted in 
the cooling system during both the first and the second hatf of the whole distance driven (int ryal 
approx. 1 5,000 km). One test pack was subjected to con-osion throughout the distance driven (mterval 

20 approx. 3o!o00 km). The part-intervals were ther for short r than according to the original ^Jij^d 
which prescribes 5000 miles (8,047 km). On the other hand, the total test distance, about 30,00O km, 
IS shorter than according to th original method which prescribes 25,000 miles (40,235 km). 
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The test results are compiled in Tables 8 and 9. 

TABLE 8 

Testing according to ASTM D 2847 — 72 in truclc. 
Coolant: corrosive water with the addition of inhibitors 
according to Table 6 (vehicle 1) 

Distance driven, km 


Total after start 

0 

5217 

10159 

14789 

14789 

20860 30022 

30022 

30022 

Interval 

0 

5217 

4942 

4630 

14789 

fi07 1 
i 1 


15233 30022 

Testing period, 24-hour periods 









Total 

o 

w 

23 

82 

111 

111 

173 

238 

^OO 


Inf^rvfll 

n 

23 

59 

29 

111 


DO 


Zoo 











g/m* per 5000 km 










Cast aluminium A 


1 1.3 

12.3 

15.6 

7.1 

9.7 

15.6 

9.8 

4.1 

Cast aluminium B 


7.7 

9.3 

11.0 

5.7 

8.7 

12.1 

7.4 

3-0 

Cast iron 






2.6 

5.4 

1.6 

2.9 

Brass 


0.2 

0.2 

0.2 

0.2 

0.4 

0.6 

0.5 

0.4 

Soldering tin 


3.3 

2.3 

1.6 

3.0 

1.8 

1.3 

1.7 

1.5 

Copper 


0.2 

0.2 

0.2 

0.1 

0.3 

0.3 

0.3 

0.2 

Analysis 










PH 

7.7 

7.7 

7.7 

7.7 

IJ 

8.1 

7.8 

7.8 

7.8 

Reserve alkalinity, ml 

13.0 

12.6 

12.0 

11. 0+' 

14.0 




13.5 

Adipic acid, g/l 

8.6 


6.5 

8.4 





8.0 

Phosphoric acid, g/l 

5.4 


4.1 

5.2 





4.9 

Benzotriazole, g/l 

0.77 


0.52 

0.66 





0.64 


+'The "reserve alkalinity" indicates the consumption of ml 0.1 M hydrochloric acid to reduce the pH 
value to 4.5 in a sample of 20 ml. Due to a slight leak the concentration of inhibitor was adjusted after a 
trial period of 1 1 1 days ( 1 4,789 km). 
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TABLE 9 

Testing in accordance with ASTM D 2847—72 in truck. 
Coolant: 40 per cent by volume ethylene glycol. 60 p r cent by volume corrosive water. Inhibitors added 

according to Table 6 (vehicle 2) 

Distance driven, Icm 


Total after start 

0 

4669 

10173 

15168 

15168 

19933 

24669 

3U0/0 



Interval 

0 

4669 

5504 

4995 

15168 

4765 

4736 

04UD 

1 AQr>*7 


Testing period, 24-hour periods 







278 

278 

Total 

0 

54 



112 

202 

236 

278 

Interval 

0 

54 

28 

30 

112 

90 

34 

42 

166 

278 

Weight losses 











g/m^ per 5000 km 











r^$a«t alufniniiim A 

ai Ul I III HVI * ■ 


0.8 

0.8 

0.8 

0.4 

0.7 

1.4 

1.6 

1.1 

1.1 

Cast aluminium B 

— 

0.2 

0,5 

1.0 

0.2 

1.1 

1.1 

1.2 

0.6 

0.2 

Cast iron 


2.7 

2.1 

2.0 

1.2 

2.4 

3.0 

1.0 

1.4 

1.0 

Brass 


0.2 

0.2 

0.4 

0.1 

0.8 

0.8 

0.7 

0.5 

0.4 

Soldering tin 


0.9 

0.8 

1.1 

0.4 

1.4 

1.1 

2.6 

1.5 

1.0 

Copper 


0.3 

0.2 

0.2 

0.1 

0.5 

0.6 

0.5 

0.5 

0.2 

Analysts 











pH 

7.7 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.5 

7.5 

7.5 

Reserve alka- 
linity, ml 

10.5 

10.5 

9.0 

8.5-*10.0+' 


9.5 




Adipic acid, g/1 

7.1 



5.6 

6.7 






Phosphoric acid, 

g/i 

4.4 



3.6 

4.2 





3.2 

Benzotriazole, 

g/i 

0.63 



0.44 

0.54 





0.35 


' arter a triai penoa ot i i uaya \ i i * 
addition of inhibitors to compensate for losses. 


As is clear from Tables 8 and 9 the corrosion has been calculated as g/m* per 5(X)0 
where 'he Sn^ driven differed the corrosion measured has ''^e" ?«J?"^"«;^^^^^ 
5000 km. The results indicate that in general the corrosion is lower Ae 'o"9r 
5 IS particulariy noticeable for the corrosion on cast aluminium and cast ,ron v^^" J^^^'^,^ ^SS*?,* 
water (Table 8). When testing with a coolant consisting of ethylene glycol + <»"^°^'^.*^**/,J3f°7 
TelSon fe on tSC whole lower for the non-precious metals so tf.e 

drivina intervals is less noticeable. However, this obsen/ation is applicable to cast alurnmmm B. 

Th?^u«tonTn corrosion at longer driving intervals is probably due to a proteose film bemg 
1 0 formed at the start of the test period. This protective film then reduces the con-osion rate. 

formed the ^arto^ of the te?t sheets no pitting could be detected. ^"["f 

sheets tested wer the entire distance driven, 30.000 km. can therefore be used to ''^^^^l^. ^ 

co?rlsi2.%rn various metals upon long-tem. employment of a Colston 

SaTnvSJtion. By dlvlsfon of the corrosion, measured in In g/m* by the density of the m tal. measured m 


10 
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g/cm^ th corrosion depth is obtained in microns ( 1 0"^ mm). The following densities (rounded off) were 
used for the metals in this calculation: 

Cast aluminium 2.7 g/cm^ 

Cast iron 7.2 g/cm^ 

5 Brass 8.8 g/cm^ 5 

Soldering tin 1 0.8 g/cm^ 

Copper 8.9 g/cm^ 

A truck may be estimated to have a driving distance of 250,000 km/year when used intensively. 
The annual corrosion may then be expected to be 50 times greater than that measured after a test 
1 0 interval of 30,000 km and reported as g/m^ per 5000 km in Tobies 8 and 9. By multiplication of these 10 
corrosion values by a factor of 50 and division by the density of the metals in accordance with the 
above, the corrosion depth is obtained as compiled in Table 1 0. 

TABLE 10 

Corrosion depth of various metals after a driving distance of 250,000 km, corresponding to intensive 

driving over a one year period. 



Corrosive water 

Ethylene glycol: 
corrosive water 
40:60 

Cast aluminium A 

80 jum 


Cast aluminium B 

60 /um 

6/um 

Cast iron 

20 fim 

1 1 /xm 

Brass 

1 fxm 

2^m 

Soldering tin 

7yum 

5 fjxn 

Copper 

1 ^m 

1 /zm 


The results in Table 1 0 indicate the following: 

15 On the whole, cast aluminium A (containing copper) has more of a tendency to corrode than cast 1 5* 

aluminium B. The latter type is therefore to be preferred. However, extremely satisfactory corrosion 
protection for both types of cast aluminium is obtained in a coolant mixture consisting of ethylene glycol 
and corrosive water. After 1 0 years running the corrosion depth can be estimated at 0.2 mm for cast 
aluminium A and 0.06 mm for cast aluminium B. The corrosion increases noticeably if the coolant 

20 consists only of corrosive water, probably partly due to the increased concentration of chloride ions in 20 
this case (an increase from 60 to 1 00 ppm). After 1 0 years running the corrosion depth can be 
estimated at 0.6 mm for cast aluminium B. in view of the corrosive environment, this is considered to be 
a satisfactory result. 

Cast iron is protected against corrosion in a satisfactory manner in both cases. The corrosion 
25 depth after 1 0 years running is then 0.2 mm when the coolant consists of corrosive water and 0.1 25 
mm when the coolant consists of a mixture of ethylene glycol and corrosive water. 

The corrosion on brass, soldering tin and copper is extremely low in all cases. The highest 
corrosion is on soldering tin, 7 microns in corrosive water. After 10 years running this corresponds to a 
corrosion depth of 0.07 mm. This is considered an extremely satisfactory value. 
30 The experim nt describ d in this example indicates that an inhibitor combination according to the 30 

invention has the unique property of being able at the same time to provide good corrosion protection 
for both cast aluminium and cast iron in the cooling system of a motor vehicle. Other metals or metal 
alloys in a cooling system are at the same time almost completely protected. 

EXAMPLE 6 

35 An aqueous, heat-transfer liquid according to the invention can be prepared by dissolving an 35 

inhibitor concentrat in the liquid, said concentrate including all necessary corrosion inhibitors and 

additives. Such a concentrate can be pr pared since, during the development of this invention, it has 

OOCIO: <GB 204g65CA J > 


15 


GB 2 049 650 A 15 


been found that potassium and triethanol amine salts of certain dicarboxylic acids are extremely easily 
dissolved in water. An approximately 50 per cent by weight water solution of dipotassium adipate can 
thus easily be prepared at about 1 5°C. The high solubility is already known for the corresponding salts 
of orthophosphoric acid. 

An inhibitor concentrate with a high solubility, the acids being included in the form of potassium 
salts, may have a composition within the following limits, as per cent by weight: 


20 — 

30 

potassium adipate 

15 — 

25 

potassium orthophosphate 

0 — 

1.5 

sodium nitrite 

0 — 

2 

benzotriazole 

0 — 

0.5 

dispersing agent ^ 

0 — 

10 

ethylene glycol 

45 — 

55 

water 


10 n — 5 hpn70tria7ole 10 


The mole ratio potassium :acid should be from 1 .8:1 to 2:1 , A heat-transfer liquid to which 
1 5 20 — 1 00 g/l of such a concentrate has been added will have a pH value between 7 and 9. 15 
A concentrate according to the above can be produced by dissolving dipotassium hydrogen 
phosphate, dipotassium adipate and other desired additives in the solvent. The pH value of the heat- 
transfer liquid will be about 9. A lower pH value is obtained if the concentrate is provided with 
orthophosphoric acid and/or adipic acid down to a mole ratio potassium :acid 1 .8:1 . At this mole ratio 
20 the pH value will be about 7. 2Q 
The inhibitor concentrate is easily dissolved in ethylene glycol and can therefore be used to 
prepare a corrosion-inhibiting anti-freeze fluid. 

EXAMPLE 7 

An inhibitor concentrate according to Example 6 is prepared by neutralizing adipic acid and 
25 phosphoric acid with potassium hydroxide solution, so that the mole ratio potasssium:acid is 1 .89. Such 25 
a concentrate givesa pH value of 7.7 in a heat-transfer liquid. 

In order to produce 1 00 parts of inhibitor concentrate, 1 2.4 parts phosphoric acid solution, haying 
a concentration of 85.0 per cent by weight, and 1 7.1 parts adipic acid solution, having a concentration 
of 99.7 per cent by weight, is neutralized with 5 1 .7 parts potassium hydroxide solution having a 
30 concentration of 46.0 per cent by weight. Neutralization takes place in a reaction vessel provided with 30 
cooling jacket, while being stirred. The temperature increase during neutralization is limited to about 
50**C by cooling with cooling water. 1 .5 parts benzotriazole ( 1 00% concentration) and 0.3 parts sodium 
polyacrylate (dispersing agent) are also mixed into the reaction mixture, together with 8.6 parts water 
and 8.4 parts ethylene glycol. A clear solution is obtained after filtering off any impurities (in the 
35 benzotriazole). 35 
The inhibitor concentrate obtained has the following composition, in per cent by weight: 

25.5 potassium adipate ^^^^ ,3,.^ potassium:acid 

. u / = 1.89:1 

18.3 potassium orthophosphate 

1.5 benzotriazole 

40 0.3 dispersing agent 40 

8.4 ethylene glycol 
46.0 water 


100.0 


The percentage of adipic acid and orthophosphoric acid in the concentrat is 1 7.0 and 10.5%, 
45 respectively. ^5 

A concentrate according to this example was used to prepare the coolants tested in Example 5. 
The coolants used can be seen in Table 6. The coolant in truck 1 (corrosive water) can be prepared by 
mbdng 51 g/l of the concentrate in the water. The coolant in truck 2 can be prepared by mixing 9.3 parts 
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of concentrate with 90.7 parts of ethylene glycol and then mixing this anti-freeze fluid with conrosive 
water in the ratio by volume 40:60. 

EXAMPLES ^. * 

A pulverulent composition according to the invention is preferably based upon the sodium salts ot 
5 the phosphoric acid and the dicarboxyiic acids. Such a composition was made in this way. 5 
40.2 parts by weight adipic acid, 45.4 parts disodium hydrogen phosphate (Na2HP04.2H20), 3.4 
parts benzotriazole, and 0.7 parts sodium polyacrylate (dispersing agent) were charged into a mixer of 
the Schaufel type, provided with a heating jacket. The pulverulent ingredients were mixed, and 25 parts 
water and 49.5 parts sodium hydroxide solution having a concentration of 40 per cent by weight were 
10 now added, resulting in a temperature increase to BO^C. The mixture is a thick slurry. The slurry was 10 
now heated to 80°C, and air was blown through the sluny, resulting in the slurry being transformed into 
a dry powder. The resulting product was 1 CO parts by weight of a dry powder which could readily be 
dissolved in an anti-freeze liquid. The powder had this composition, in per cent by weight: 

51 :1 sodium adipate (mole ratio sodium:acid 1.80:1) ^ 

1 5 36.2 disodium hydrogen phosphate 1 5 

3.4 benzotriazole 

0.7 sodiumpolyacrylate 

8.6 water 

The weight percentage, calculated as acid, was 40.2 per cent adipic acid and 25.0 
20 orthophosphoric acid. The powder had a concentration of the active components which was about 20 
2.4 times that of the liquid product manufactured according to Example 7. 

CLAIMS 

1 . Method of treating an aqueous system to inhibit the corrosion of cast iron and cast aluminium 
in contact with the system, comprising adding to the aqueous system at least one alkali metal salt or 

25 amine salt of orthophosphoric acid, and at least one alkali metal salt or amine salt of at least one 25 
dicarboxyiic acid selected from glutaric acid, adipic acid, pimellc acid, suberic acid, azelaic acid, and 
sebacic acid, the orthophosphoric acid salt being added in a quantity to give the aqueous system a 
concentration of at least 1 .0 g/l calculated as orthophosphoric acid, and the dicarboxyiic acid salt being 
added in a quantity to give the aqueous system a concentration of at least 0.7 g/l as dicarboxyiic acid.. 

30 2, Method according to claim 1 , wherein the aqueous system has a pH value of 6.7 — 9.8, 30 

preferably 7.0 — 8.3. 

3. Method according to claim 1 or 2 wherein there is added to the aqueous system at least one of 

the following additives: 

a) Alkali metal nitrite for increased protection of cast iron, 
3 5 b) Benzotriazole and/or benzotriazole derivative and/or mercaptobenzothiazole in order to reduce 35 
copper corrosion, 

c) An agent to disperse or prevent precipitation caused by hard water, such as polyacrylates, 
polyphosphates, organic phosphonic acids, organic chelating agent. 

4. Method according to any one of the preceding claims, wherein the dicarboxyiic acid is adipic 


40 acid. 


40 


5- Method according to any one of the preceding claims, for the treatment of an aqueous coolant 
in an internal combustion engine, which comprises adjusting the pH of the coolant to 6.7 — 8-3. 

6. Method according to claim 5, comprising adding to the coolant quantities of adipate salt and 
orthophosphate salt, and optionally other inhibitors to give concentrations in the coolant of 3.0 — ^9.3 g/l 

45 adipic acid, 2 — 5.8 g/l phosphoric acid, 0 — 0.7 g/l sodium nitrite, 0 — 0.8 g/l benzotriazole and O — 0.4 45 
g/l dispersing agent 

7. Method according to any one of the preceding claims wherein all inhibitors and additives are 
added to the coolant in the form of a concentrated liquid or pulverulent mixture. 

8. Method for treating an aqueous.system according to claim 1 substantially as hereinbefore 

50 described with reference to any one of the Examples. 50 

9. Anti-corrosive agent for addition to an aqueous system comprising an aqueous solution 
containing: 

20 — 30 per cent by weight potassium adipate 
15 — 25 per cent by weight potassium orthophosphate 
55 0 — 1 .5 per cent by weight sodium nitrite 55 
0 — 2 per cent by weight benzotriazole 
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0 — 0,5 per cent by w ight dispersing agent 
0 — lOperc nt by weight ethyl n glycol 
45 — 55 per cent by weight water 

the molecular ratio potassiumiacid being between 1 .8:1 and 2:1. 
5 1 0. Anti-corrosive agent for addition to an aqueous system comprising a pulverulent mixture 5 

containing: 

42 — 62 per cent by weight sodium adipate 
23 — 52 per cent by weight disodium hydrogen orthophosphate 
0—4 per cent by weight sodium nitrite 
1 0 0 — 6 per cent by weight benzotriazole 1 0 

0 — 2 per cent dispersing agent 
0 — 35 per cent by weight water 

the molecular ratio sodium:adipic acid being between 1.5:1 an^2:1. 

1 1 . An agent according to claim 9 or 10 substantially as hereinbefore described with reference to 
15 any one of the Examples. 15 
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